Hair colouring by using dyestuffs formed by the oxidation of (+)-catechin (Cat.) under light irradiation was studied and the oxidation system was combined with photosensitisers which absorb visible light and generate oxidants. Rose bengal (RB) and Methylene Blue (MB) were used as the visible light photosensitiser. Hair was treated with the solutions containing them and was irradiated with artificial sunbeam in dry condition or in Cat. aqueous solution. It was found that hair is not coloured when it is pretreated with the aqueous solutions containing Cat., RB and MB, and irradiated with the light in the dry condition (dry system). In contrast, hair is coloured most when it is pretreated with the solutions containing RB and MB, and then irradiated with the light in Cat. aqueous solution (wet system). The RB and MB in hair may promote the oxidation of Cat. and production of colourants to give better colouration results, when the treated hair is irradiated with visible light in the solution condition.
Introduction
A milder and safer hair dyeing technique is desired because the general oxidation hair dye products contain some materials, which cause occasionally sensitization dermatitis and other dermatological symptoms after the dyeing [1 -4] . The author group has been studying hair colouring by using biobased materials in order to invent a novel milder and safer dyeing technique, which is desired. It was found thereupon that the oxidation products of (+)-catechin (Catechinone), which is contained in tea or several plants, dye white hair yellow, orange and reddish brown [5 -7] .
The dyestuffs are obtained by enzymatic and chemical oxidation processes. The resulting colour of hair can be controlled by the dyeing conditions such as temperature, pH, additives, treatment way, oxidation method, and the colour fastness of the dyed hair to washing and light is high enough. On the other hand, the enzymes used for the dyeing are still expensive and the careful handling of them is needed. The chemical dyeing technique requires continuous O 2 gas supply for a long time throughout the dyeing and this is not practically so useful for low-cost hair dyeing. Therefore, another colouring technique also should be investigated and be invented to realise safer practical hair dyeing.
In the study, the oxidation of (+)-catechin (Cat.) under light irradiation was tried to obtain colourants and to colour hair. The oxidation system was combined with photosensitisers which absorb visible light and generate oxidants. Such a technique has advantages. The visible lights such as sunbeam and artificial illumination light from many light sources can be utilised for the technique. People receive visible light on a daily basis and if such light is applied for the hair dyeing, it can contribute to the efficient use of daily light energy. It is expected that a slow hair dyeing by the use of visible light may reduce deleterious effects on human body and could contribute to improve the safety. Rose bengal (RB) [8, 9] and Methylene Blue (MB) [10] were used as the visible light photosensitiser in the study. RB is used as a food dye and MB is used for intravital staining. Hair was treated with the solutions containing with or without Cat. and each of or both of them, and then was irradiated with artificial sunbeam in dry condition (dry system). Hair was also pretreated with the solutions containing each of or both of them, and was irradiated with the light in Cat. aqueous solution (wet system). The relationships between the treatment conditions and the colouration results were investigated in order to find an optimum condition for the effective colouration of hair. The human hair samples (Beaulax, healthy white hair obtained from Asians) were bundled by a nylon band and washed five times with 600 ml of distilled water at 40 °C for 10 min. The hair samples were air-dried and kept under 18 % of humidity before use.
Hair dyeing

Light irradiation treatment in dry system
Each of the (1) The temperature of the bottom side of the hair samples were maintained at 25 °C and the humidity in the irradiation box was the same as that of an experimental room.
Light irradiation treatment in wet system
The (9) 
Measurements
The The K/S value is defined from Kubelka-Munk theory [11, 12] and calculated as K/S λ = (1 -R λ ) 2 / 2R λ , where K is the absorption coefficient, S the scattering coefficient and R λ the reflectance of the light at a wavelength λ. Higher K/S value indicates higher intensity of a colour, i.e., deeper colour or higher optical density of colour.
The measurements of hair colour were conducted at five points of each sample (measured area: 3 mmφ). The arithmetic mean was calculated from the obtained values excluding outliers.
Results and Discussions
Light irradiation treatment in dry system
The white hair dyed with catechinone shows orange or reddish orange yellow, orange and reddish brown as described above [5, 6] .
The targeted colours of the resulting hair samples treated with light irradiation are colours like those obtained in the previous studies. It is concluded that hair is not coloured by the light irradiation treatment in dry system. The adsorption of Cat. onto hair in the pretreatment process and/or the production of colourants in the dried hair under the light may not proceed effectively in the system.
The distribution and the positional relationships of Cat., RB and MB in hair should be appropriate for the effective colouration in dry condition, because they cannot move to react under such condition.
Light irradiation treatment in wet system
The light irradiation in wet condition was then tried to colour hair according to the results obtained by the light irradiation treatment in the dry system. As described above, RB and MB work as colourants. If the light irradiation to hair pretreated with Cat. solution is made in the RB and/or MB solution, they might be adsorbed onto hair too much during the irradiation process, and they might absorb light chiefly in the vicinity of the solution surface and the effective oxidation and production of colourants from Cat.
at hair could not proceed. The colouration of hair with RB and/or MB is not the purpose of the study, and the colour due to RB and MB fade away easily under light. Therefore, the light irradiation to hair pretreated with the RB and/or MB solutions was performed in
Cat. aqueous solution first of all in the study. 
Conclusions
Hair is not coloured, when it is treated with the aqueous solutions 
